Oral cancer is a multifactorial pathology and is characterized by the lack of efficient treatment and accurate diagnostic tools. This is mainly due the late diagnosis; therefore, reliable biomarkers for the timely detection of the disease and patient stratification are required. Non-coding RNAs (ncRNAs) are key elements in the physiological and pathological processes of various cancers, which is also reflected in oral cancer development and progression. A better understanding of their role could give a more thorough perspective on the future treatment options for this cancer type. This review offers a glimpse into the ncRNA involvement in oral cancer, which can help the medical community tap into the world of ncRNAs and lay the ground for more powerful diagnostic, prognostic and treatment tools for oral cancer that will ultimately help build a brighter future for these patients.
Introduction
Oral cancer is a form of head and neck cancer, 90% of which consists of oral squamous cell carcinomas (OSCC) [1] . Approximately 300,000 new cases of tumors located in the oral cavity and on the lip are diagnosed each year, for both sexes, on a global scale. Oral cancer is a type of cancer that affects mostly men, the male to female incidence ratio being 2.7; as for the mortality rate, males are is faultless, it will lead to endonucleolytic cleavage and mRNA degradation via the RISC complex. However, this event seldom occurs, since miRNAs have partial complementarity with the target mRNA, which leads to translational silencing of the mRNA [21] .
Piwi interacting RNA (piRNA). From their 26-31 nucleotide length, to their specific interaction with piwi proteins, these RNAs separate themselves by several characteristics, among which the fact that they are transcribed, from repetitive sequences in the genome, into single-stranded precursors that bind to piwi proteins and will guide them to endogenous transposable elements, a well-known cause of genetic instability. The piwi proteins belong to the Argonaute family and appear to be highly conserved through evolution [22, 23] . The biogenesis mechanisms for the main short ncRNAs are summarized in Figure 1 .
Long non-coding RNAs (lncRNAs) represent a subclass of non-coding RNA transcripts, over 200 nucleotides in size [24] . They comprise a heterogeneous group, and at the same time an abundant constituent of the transcriptome [14, 25] . Although most research in this field has so far focused on miRNAs, lncRNAs seem to be equal if not more important participants in the human molecular processes. lncRNAs are transcribed by RNA polymerase II [24] , and cannot be exclusively attributed to strictly defined biochemical categories. The lncRNAs are capped at the 5 terminal region and are frequently spliced and polyadenylated [26, 27] . They can originate from various loci on the DNA, from the inter-or intragenic regions to specific chromosomal parts such as telomeres. The primary transcripts can have sense, antisense, bidirectional or overlapping orientations with respect to protein-coding genes [28] .
MiRNA Deregulation in Oral Carcinogenesis
MiRNAs are key players in malignant transformation [29] . The miRNA expression profile is different in tumor tissues compared to normal tissue, and also with particular characteristics in distinct tumor types [25] . MiRNAs may participate in tumorigenesis by functioning either as oncogenes or as tumor suppressors [30] [31] [32] [33] . Each miRNA can regulate an average of 100-200 target genes [34, 35] . Since they are involved in basically all biological processes, aberrant miRNA expression can trigger the initiation of numerous diseases, including cancer [36] .
MiRNAs undergo transcriptional and post-transcriptional regulation themselves, affecting key cellular processes. Because of their essential roles in various biological processes, they are actively involved in the maintenance of genomic integrity and suitable cell fate, acting as signal transducer regulators [37] [38] [39] . Tumor cells developed a set of strategies necessary for their survival and proliferation [40] . In oral cancer, as well as in other cancer types, miRNAs participate in cancer hallmarks [41] . Information related to oral carcinogenesis is summarized in Figure 2 .
MiRNAs Involved in Proliferation and Apoptosis in Oral Cancer
A great number of miRNAs are discovered as key participants in tumorigenesis, acting either as tumor suppressors or as oncogenes (oncomiRs). Among them, miR-21 has a pivotal role as an oncomiR by participating in cell proliferation and apoptosis [42] , and found to be deregulated in various tumor types [43] . One study proved that miR-21 is overexpressed in progressive leukoplakia and OSCC, but not in normal mucosa or non-progressive leukoplakia, consequently demonstrating its involvement in OSCC progression [44] . In tongue squamous cell carcinoma (TSCC), which is the most frequent type of OSCC, overexpression of miR-21 was correlated with low expression of two of its target genes, Tpm1 and Pten. It was demonstrated that miR-21 overexpression promotes anchorage-independent growth of OSCC cells, partially by targeting Tpm1 [45] . Furthermore, Zheng et al. showed that miR-21 downregulates the tumor suppressor P12 CDK2AP1 at posttranscriptional level in oral cancer cells, and promotes cell proliferation and invasion in vitro [46] . Small non-coding RNAs (ncRNAs) biogenesis. The ncRNAs are transcribed, but not translated. The endogenous siRNA (small interfering RNA (siRNA) can be transcribed from both strands of the DNA, and it can have three double stranded primary forms: cis, trans and hairpin. The nuclear pore for the export of siRNA is still unknown. In the cytoplasm, the primary form of siRNA is processed by a complex of protein called Dicer into a single-stranded RNA. The main stand in kept and the passenger stand is degraded. siRNA forms a complex with the RISC proteins and, by binding with full complementarity to the mRNA, it inhibits its translation. The microRNA (miRNA) is transcribed only from one strand of the DNA into a primary form with multiple hairpin structure. The primary miRNA is cleaved by the protein complex Drosha and it resulted into a single hairpin structure, called the pre-miRNA that is exported into the cytoplasm via the Exportin 5 nuclear pore. In the cytoplasm, it is processed again by the protein complex Drosha into the mature miRNA with only one strand. The miRNA is then loaded into the RISC complex and binds through short regions to the mRNA. The piwi interacting RNAs are different from the other two classes of small ncRNAs. The piwi-interacting RNAs (piRNAs) are transcribed from both strands of the DNA and are directly transcribed into single-stranded form. The primary form can be loaded onto piwi proteins and induce gene silencing in the nucleus, otherwise the piRNA is exported into the cytoplasm, more precisely in the mitochondria, where it is cut into shorter fragments. The piRNA targets the transposons by entering the ping-pong pathway during which the transposon sequence is silenced and the piRNA is amplified. The rectangles framing the DNA signify the region being transcribed, while the arrows indicate the direction of the transcription. The other arrows stand for the proceeding to the next step in the processing of siRNA/miRNA or piRNA, meaning: transcription, cleavage into smaller transcripts, exportation into the cytoplasm, the interaction with mRNA interaction either during the Ping-Pong pathway in the case of piRNA, or RISC-mediated the case of siRNA and miRNA. The red lines illustrate the repression of an interaction. Figure 1 . Small non-coding RNAs (ncRNAs) biogenesis. The ncRNAs are transcribed, but not translated. The endogenous siRNA (small interfering RNA (siRNA) can be transcribed from both strands of the DNA, and it can have three double stranded primary forms: cis, trans and hairpin. The nuclear pore for the export of siRNA is still unknown. In the cytoplasm, the primary form of siRNA is processed by a complex of protein called Dicer into a single-stranded RNA. The main stand in kept and the passenger stand is degraded. siRNA forms a complex with the RISC proteins and, by binding with full complementarity to the mRNA, it inhibits its translation. The microRNA (miRNA) is transcribed only from one strand of the DNA into a primary form with multiple hairpin structure. The primary miRNA is cleaved by the protein complex Drosha and it resulted into a single hairpin structure, called the pre-miRNA that is exported into the cytoplasm via the Exportin 5 nuclear pore. In the cytoplasm, it is processed again by the protein complex Drosha into the mature miRNA with only one strand. The miRNA is then loaded into the RISC complex and binds through short regions to the mRNA. The piwi interacting RNAs are different from the other two classes of small ncRNAs. The piwi-interacting RNAs (piRNAs) are transcribed from both strands of the DNA and are directly transcribed into single-stranded form. The primary form can be loaded onto piwi proteins and induce gene silencing in the nucleus, otherwise the piRNA is exported into the cytoplasm, more precisely in the mitochondria, where it is cut into shorter fragments. The piRNA targets the transposons by entering the ping-pong pathway during which the transposon sequence is silenced and the piRNA is amplified. The rectangles framing the DNA signify the region being transcribed, while the arrows indicate the direction of the transcription. The other arrows stand for the proceeding to the next step in the processing of siRNA/miRNA or piRNA, meaning: transcription, cleavage into smaller transcripts, exportation into the cytoplasm, the interaction with mRNA interaction either during the Ping-Pong pathway in the case of piRNA, or RISC-mediated the case of siRNA and miRNA. The red lines illustrate the repression of an interaction.
Figure 2.
MiRNAs involved in oral cancer hallmarks: proliferation and apoptosis, cell growth, angiogenesis, migration, invasion, and metastasis. In order to understand the complex functions of microRNAs in oral cancer, their involvement was categorized according to the hallmarks of cancer in which they are implicated. Cancer cells evade apoptosis and proliferate continuously. The cells secrete endogenous growth factors that allow them to evade from allogenic signals. In order for the tumor cells to be provided with sufficient nutrients, angiogenesis is stimulated locally. After a certain period of time, cancer cells change their phenotype, enter into the blood stream and invade nearby tissue or metastasize in distant organs. The microRNAs written in red are upregulated in oral cancer and sustain all of the above-mentioned hallmark processes, whereas the microRNAs written in blue are downregulated in oral cancer and are opposing the hallmark processes.
Another miRNA with oncogenic role is miR-184, which is overexpressed in TSCC. MiR-184 acts as an anti-apoptotic factor and a promoter of cell proliferation, via alteration of c-Myc expression [47] . Nonetheless, another study detected lower levels of this transcript in tumor cells than in normal mucosa, for the same type of tumor [48] . Further research might be needed to clarify the implications of miR-184 in OSCC. MiR-24 has an increased expression in OSCC [49] . By inhibiting the RNA-binding protein DND1, miR-24 regulates several other downstream elements such as cyclin-dependent kinase inhibitor 1B, which sustains cell proliferation and apoptosis evasion [50] . Another OSCC tumor promoter is miR-155, which targets tumor suppressor gene Cdc73 (cell division cycle 73) and, via this mechanism, increases cell proliferation and reduces apoptosis. The restoration of Cdc73 expression by miR-155 inhibition stops tumor growth in vivo [51] . Oncogenic miR-196a and miR-10b, involved in several other cancers, exhibit high expression levels in oral cancer, as observed in a recent study. These two miRNAs were not previously linked to any of the head and neck squamous cell carcinomas, and their oncogenic role might be due to the deregulation of cell proliferation control mechanisms in the tongue squamous cell carcinoma cell lines SCC25 and SCC9, and pharynx squamous cell carcinoma cell line FaDu [52] .
The expression of these miRNAs is generally higher in normal cells than in the poorly differentiated cancer cells, thus showing that miRNA expression is closely linked to cell differentiation [53] . MiR-9 is downregulated in oral cancer and acts as a tumor suppressor in OSCC, by targeting Cxcr4, a protein that contributes to tumorigenesis through the Wnt/β-catenin molecular pathway [54] . Another study, conducted by Minor et al., demonstrates that miR-9 might regulate cell proliferation via Pten, an important tumor suppressor in oral cancers [55] .
In OSCC derived cell lines and OSCC samples, the downregulated expression of miR-125b was associated with higher proliferation rates. This non-coding RNA might exercise its tumor suppressor role by targeting Icam2 (intracellular cell adhesion molecule 2) [56] . Downregulation of miR-125b and miR-100 in OSCC tumor samples and cell lines was found to be significantly correlated with enhanced cell multiplication and, thus, might play an essential role in tumor development and Another miRNA with oncogenic role is miR-184, which is overexpressed in TSCC. MiR-184 acts as an anti-apoptotic factor and a promoter of cell proliferation, via alteration of c-Myc expression [47] . Nonetheless, another study detected lower levels of this transcript in tumor cells than in normal mucosa, for the same type of tumor [48] . Further research might be needed to clarify the implications of miR-184 in OSCC. MiR-24 has an increased expression in OSCC [49] . By inhibiting the RNA-binding protein DND1, miR-24 regulates several other downstream elements such as cyclin-dependent kinase inhibitor 1B, which sustains cell proliferation and apoptosis evasion [50] . Another OSCC tumor promoter is miR-155, which targets tumor suppressor gene Cdc73 (cell division cycle 73) and, via this mechanism, increases cell proliferation and reduces apoptosis. The restoration of Cdc73 expression by miR-155 inhibition stops tumor growth in vivo [51] . Oncogenic miR-196a and miR-10b, involved in several other cancers, exhibit high expression levels in oral cancer, as observed in a recent study. These two miRNAs were not previously linked to any of the head and neck squamous cell carcinomas, and their oncogenic role might be due to the deregulation of cell proliferation control mechanisms in the tongue squamous cell carcinoma cell lines SCC25 and SCC9, and pharynx squamous cell carcinoma cell line FaDu [52] .
In OSCC derived cell lines and OSCC samples, the downregulated expression of miR-125b was associated with higher proliferation rates. This non-coding RNA might exercise its tumor suppressor role by targeting Icam2 (intracellular cell adhesion molecule 2) [56] . Downregulation of miR-125b and miR-100 in OSCC tumor samples and cell lines was found to be significantly correlated with enhanced cell multiplication and, thus, might play an essential role in tumor development and progression [57] . At the same time, a negative correlation was observed between miR-125b and p53 expression level, and between TP53 mutation status and miR-125b [58] .
MiR-205 has different expression levels in various types of cancer. In OSCC, miR-205 seems to have an oncogenic role [59, 60] . It induces the expression of IL-24 by binding to its promoter sequence, a mechanism of miRNA activity that needs further studying. What is known so far is the fact that, by inducing the overexpression of miR-205, the intracellular level of the pro-apoptotic cytokine IL-24 increases and that miR-205 has the same sequence in the seed as a part of IL-24 promoter. MiR-205 targets the axis inhibitor protein (Axin-2), a protein that functions either as tumor suppressor or as tumor promoter in different types of cancer. A recent study proved that miR-195 had low expression rates in TSCC tumor samples, providing evidence that it might act as a tumor suppressor in this cancer type, by inhibiting Cyclin D1 and Bcl-2 expression. Through this mechanism, its antitumor effects appear to be manifested as a reduction of cell viability, inhibition of cell cycle progression and increased apoptosis rates [61] .
Another proven tumor suppressor, miR-596 is downregulated in OSCC, leading to the upregulation of its target gene, Lgals3BP. Consequently, cell proliferation is increased and apoptosis is evaded in oral cancer primary cell lines, through the activation of ERK1/2 signaling pathway [62] .
In TSCC cell lines, miR-138 deregulation was also correlated to increased proliferation. Jiang et al. identified Gnai2 as a potential target for miR-138, by observing that the transfection of this miRNA in TSCC cells reduced the expression of this gene, resulting in diminished proliferation, cell cycle arrest and apoptosis initiation [63] .
MiR-181a is frequently under-expressed in OSCC. Under normal conditions, this non-coding RNA was shown to suppress proliferation and anchorage independent growth ability by ectopic expression in OSCC cell lines. A recent study identified the K-ras oncogene as one of its main targets in oral cancer [64] . Jiang et al. found that miR-7 acts as a tumor suppressor by downregulating Igf1R, which is associated with reduced Akt phosphorylation, inhibition of cell proliferation, cell cycle arrest and increased apoptosis [65] .
RNAse III Dicer is an endonuclease needed for miRNA maturation [66] . Let-7 family transcripts have been reported to modulate this enzyme [67] . A study from 2010 revealed that Dicer expression is abnormal in oral cancer cells, and that this is connected to the downregulation of let-7b. This mechanism led to cell proliferation in oral cancer cell lines [68] . Two of its potential targets were identified in oral cancer, namely Igf1R and Irs-2 [69] . MiR-494 was described as a tumor suppressor in an OSCC cohort primarily formed of tongue cancers. Downregulation of miR-494 was correlated with high expression of Hoxa10 and a raise in cell proliferation of oral cancer cells [70] . MiR-25-3p expression is reduced in TSCC, and, as a result, the cell-cycle protein expression profile appears disrupted [71] .
MiRNAs Involved in Oral Cancer Cell Growth
Cancer cell growth could be stimulated by the highly transcribed miRNAs (Table 1) . MiR-221 and miR-222 might have p27 and p57 genes as possible targets [72] . A recent paper shows that Puma (p53 upregulated modulator of apoptosis) is a direct target of miR-222, and that the downregulation of miR-222 reduces cell growth and induces apoptosis in oral cancer, probably by the direct upregulation of Puma expression [73] . Oncogenic miR-21 is also involved in cell growth during oral carcinogenesis, and is positively correlated with Stat3 expression. There is evidence that inhibition of Stat3 produces suppression of miR-21, resulting in the upregulation of Pten, Pdcd4, and Timp-3 and, cell growth suppression [74] . miR-21 and miR-203 were correlated with the expression level of p63 [58] , while miR-24 is another putative cancer generator with unknown mechanism [49] .
Another possible mechanism of cell growth in oral carcinogenesis is the downregulation of oncogenic miRNAs in OSCC. MiR-375 was shown to be strongly under-expressed in T3 and T4 tumors, which implies that its suppression might promote tumor growth [75] . MiR-145 is substantially downregulated in oral cancers when compared to the adjacent normal tissues. When restored to its normal transcription rate, miR-145 targets c-Myc and Cdk6, hence leading to the inhibition of OSCC cell growth [76, 77] . Missing parts of the puzzle could be miR-218 and miR-585, often epigenetically silenced in OSCC [78] . Transfection with these two miRNAs in OSCC cells was shown to reduce cell growth, partly via caspase-mediated apoptosis. Furthermore, the mTOR component Rictor is a target of miR-218 and, probably, the overexpression of Rictor through silencing of miR-218 leads to the activation of the Tor-Akt pathway, ultimately contributing to oral carcinogenesis [78] . Angiogenesis, one of the upmost survival strategies developed by cancer cells, is also sustained through alterations of the miRNA transcription process. MiR-320 was identified as a tumor suppressor transcript in OSCC, and it was stated that it might play a crucial part in repressing tumor angiogenesis by silencing Nrp1 expression [82] . Silencing of miR-126 also correlates with oral carcinogenesis through the activation of angiogenesis and lymphangiogenesis in oral tumors. Vegf-A may be a potential target for this miRNA [83] .
Cancer cells show their "dark side" when they begin to invade the surrounding tissue and migrate to distant sites, changing also their miRNAs profile (Table 2 ). It was shown that the overexpression of miR-27, a Mcph1 repressor, decreased cell invasion and adherence-independent growth of KB cells in soft agar [84] . MiR-504 overexpression in OSCC leads to the downregulation of its target gene, Foxp1, and promotes invasiveness of oral cancer cells [85] . Lu et al. [85] determined a specific miRNA profile of OSCC by using miRNA array screening method. Ten miRNAs were proven to be the most significantly associated with this pathology, of which the most upregulated was miR-10b. Further investigations of the roles of this miRNA demonstrated that it actively takes part in oral carcinogenesis by stimulating migration and invasion [86] . MiR-21 is also involved in promoting migration and invasion in OSCC by targeting and downregulating Pdcd4 expression, correlated with poor overall survival rates [87] . An association between the upregulation of miR-21 and stimulated cell invasion through the Wnt/β-catenin pathway was found. This miRNA acts by targeting Dkk2 gene [88] . By binding to the mRNA of Nme4, miR-196 causes invasion and migration of cancer cells, thus worsening the prognostic of OSCC [89, 90] .
When miR-29a production is decreased, tumor cells are able to express MMP2 in the large quantities necessary for their invasion and apoptosis escape [91] . In tongue squamous cell carcinoma, miR-140-5p represses cell migration and invasion by directly targeting Adam10 [92] . Another tumor migration suppressor is miR-17/20a, via its associated gene Itgb8. Knockdown of this gene was correlated with reduced migration in OSCC cells [93] . Hunt et al. demonstrated that miR-124 represses OSCC invasion and migration potential by downregulating the expression of Itgb1 [94] . By targeting RhoC and Rock2 genes, miR-138 is also involved in cell migration and invasion [95] .
Oncogenic miR-146a is correlated with tumorigenesis and metastasis in OSCC. Its oncogenic activity was linked to downregulation of Irak1, Traf6 and Numb expression [96] . MiR-181's potential oncogenic effect in OSCC may act by initiating migration and enhancing lymph node metastasis [97] . Advanced stages It impairs lung metastasis, invasion, focal adhesion and migration through the modulation of MMP2/9 GIT1 is one of its targets [101] A tumor suppressor microRNA, which was observed to be frequently downregulated in OSCC, is miR-99a. Its repression was correlated with enhanced metastasis potential. miR-99 family contributes to oral cancer tumorigenesis by targeting IGF1R and mTOR signaling pathways [99] . In TSCC cell lines, miR-181a downregulation was associated with higher metastatic potential, possibly via overexpression of its target gene, Twist1 [100] . MiR-200b and miR-15b are also involved in the development of TSCC, by inhibiting tumor metastasis [98] .
Tumor suppressor miR-491-5p exerts its role in repressing OSCC metastasis by targeting Git1, which leads to the perturbation of FAK/paxilin and ERK1/2 signaling along with MMP2/9 expression and activity [101] .
Piwi-Interacting RNA (piRNA) Effects in Oral Cancer
In comparison with siRNA and miRNA, the number of studies focusing on piRNA is very limited. In the case of head and neck carcinoma tissue, piRNA presented altered expression values when compared to normal tissue, particularly meaning an affluence of these types of non-coding RNAs in cancer cells. The expression pattern for a 41-member Piwi panel was found to differ between HPV-positive and HPV-negative head and neck squamous cell carcinoma (HNSCC) samples, with 11 of them being overexpressed distinctively in HPV16 or HPV18 induced tumors. Of these, 5 were correlated with patient survival rates, namely piR-35953, piR-36984, piR-39592, piR-36715 and piR-30506 [102] . This molecular signature in HPV-positive tumors was related to an unfavorable survival rate [102, 103] .
Recently, a panel of 13 piRNAs was identified in OSCC related to smoking, from which NONHSAT123636 and NONHSAT113708 are directly correlated with tumor stage, along with NONHSAT067200, which predicts the patient survival rate. PIWIL1 was related to genomic alterations, including in the Tp53 gene [103] .
LncRNA Deregulation in Oral Cancer
LncRNAs have a wide variety of functions, of which the epigenetic regulation of protein-coding genes is one of the main players [104] . They control transcription by chromatin modulation, by acting as scaffolds for chromatin modifying complexes. They also upregulate transcription of enhancers, and can influence epigenetic events via transcription-dependent mechanisms, along with directly influencing the transcription machinery. Aside from regulating all aspects of gene expression, lncRNAs are also involved in the regulation of mRNA processing, protein activity and post-transcriptional control (Figure 3 ). They can function as scaffolds for higher-order complexes, signaling molecules via exosomes, and vehicles for increased genetic diversity [105] . The tissue specificity of lncRNAs might enable them to be valuable biomarkers and therapeutic agents [41] , based on their expression levels or related with the presence or absence of certain mutation [106] .
Similar to miRNAs, lncRNAs were found to act as tumor suppressors or oncogenes in the development and progression of human cancers, offering a new level of complexity to the molecular pathways of carcinogenesis [107] . Since lncRNAs have been known to modulate of a wide variety of biological processes, such as transcriptional regulation or genomic imprinting, they are beginning to be considered central players in the human cancer scene [27] . Hence, one can safely assume that lncRNAs are also associated with oral cancer (Figure 4 ). Unlike miRNAs, the studies investigating the roles of lncRNAs in oral cancers are still scarce (Table 3) .
Gibb et al. [27] were the first to evaluate the lncRNA expression profile for oral mucosa, identifying the expression of 325 lncRNAs in normal tissues, out of which about 60% showed statistically significant deregulations in oral dysplasia. They found that Neat1 was the most overexpressed in human oral mucosa [108] . The expression of several well-researched lncRNAs from the saliva and tissues from patients with OSCC were associated with cancer. Hotair, Neat1 and Uca1 were found to be overexpressed, mainly in metastatic tumors, while Meg-3 expression was downregulated [109] .
The expression of Meg-3 is significantly affected by the degree of DNA methylation, with important role in patient prognostic [110] . Neat1 (Nuclear Enriched Abundant Transcript), by being up regulated in various cancer tissues, was found to promote tumorigenesis and cancer progression. It inhibits apoptosis and stimulates growth and metastasis [111] . By lowering the normal expression of the tumor suppressor miR-107, Neat1 causes the laryngeal squamous cell carcinoma cell line Hep-2 to have an increased CDK6 expression. Neat1 also induces cell cycle progression in the cancer cells, along with apoptosis resistance and enhanced invasion [112] . Neat1 (Nuclear Enriched Abundant Transcript), by being up regulated in various cancer tissues, was found to promote tumorigenesis and cancer progression. It inhibits apoptosis and stimulates growth and metastasis [111] . By lowering the normal expression of the tumor suppressor miR-107, Neat1 causes the laryngeal squamous cell carcinoma cell line Hep-2 to have an increased CDK6 expression. Neat1 also induces cell cycle progression in the cancer cells, along with apoptosis Neat1 (Nuclear Enriched Abundant Transcript), by being up regulated in various cancer tissues, was found to promote tumorigenesis and cancer progression. It inhibits apoptosis and stimulates growth and metastasis [111] . By lowering the normal expression of the tumor suppressor miR-107, Neat1 causes the laryngeal squamous cell carcinoma cell line Hep-2 to have an increased CDK6 expression. Neat1 also induces cell cycle progression in the cancer cells, along with apoptosis resistance and enhanced invasion [112] .
The lncRNA Hotair's involvement in human tumorigenesis was widely studied [25] . Aside from modulating the expression of numerous genes, its extensive role still remains poorly understood [113] . However, it was stated that it has substantial impact on proliferation, epithelial-mesenchymal transition and metastasis in various human cancer types [113] [114] [115] [116] [117] [118] . Tang et al. found an overexpression of Hotair in samples from OSCC patients, especially with lymph node metastases [109] , these results being in accordance with the aforementioned studies on Hotair. In oral cancer, Hotair sustains cell proliferation [119] , invasion and metastatic processes by targeting Ezh2 and repressing E-cadherin [120] . The important role of Hotair as a biomarker is sustained by a recent meta-analysis study [121] . Hotair overexpression was related with unfavorable prognostic, advanced tumor stage and the presence of metastases [121] . In the case of Hotair, certain genetic alterations (rs920778, uc003opf.1, and rs11752942) were related with head and neck cancer susceptibility [106] .
Malat1/Cks1 pathway was connected to OSCC tumor radiosensitivity [122] . Taurine upregulated gene 1 (Tug1) was overexpressed in OSCC, correlated with TNM stage and lymph node metastasis [123] .
Uca1 (urothelial cancer associated 1) is a lncRNA that plays a central role in bladder cancer growth, progression and invasion [124] [125] [126] [127] . It was also found to be overexpressed in other cancer types, such as colorectal cancer [128] , esophageal squamous cell carcinoma [129] , melanoma [130] and breast cancer [131] . The expression of Uca1 was evaluated for TSCC, the most frequent form of OSCC [132, 133] . It was overexpressed and correlated with the migration ability of cancer cells. Considering that Uca1 levels were higher in advanced TSCC, it was hypothesized that its deregulation primarily occurs in cancer progression and not in its initiation [134] . Uca1 overexpression is related with OSSC progression via WNT/β-catenin signaling pathway [135] and was demonstrated to promote metastasis.
Maternally expressed gene 3 (Meg3) encodes a lncRNA produced by various normal tissues, which plays the role of tumor suppressor [136] [137] [138] [139] . The loss of this RNA expression causes cell growth and proliferation in human cancers, thus supporting the claim that Meg3 is a tumor suppressor lncRNA [140] . Meg3 is among the most substantially underexpressed ncRNAs in cancer [141] , leading to apoptosis arrest, cell cycle progression and almost unstoppable proliferation [109, 141] . miR-26a and Meg3 were correlated with cancer progression, having prognostic value for patient stratification [141] . [144, 150] Ccat2 (colon cancer-associated transcript 2) is an important transcript that was proven to have regulatory effects in several cancer types. Ccat2 has been proven to mediate the malignant behavior of cells by suppressing β-catenin, Ccnd1, and Myc [142] . The increased level of Ccat1 appeared to be related to its capacity to sponge miR155-5p and let7b-5p, leading to an unfavorable prognostic [10] . Has2-As1 was related to the hypoxia-regulated EMT and invasiveness of OSCC [143] . LncHIFCAR level is substantially upregulated in OSCC and it was demonstrated to have a crucial role in tumorigenesis [133] . linc-RoR was proven to be overexpressed in undifferentiated OSCC, hence having prognostic value [144] .
Circular RNAs
Circular RNAs (circRNAs) are circles of ncRNAs with no 5 polyadenylated tail, having a linkage between the 3 and the 5 ends, to form a covalently closed continuous loop. They are transcribed as mRNAs, but in the downstream steps they are processed differently, through alternative mechanisms, such as backsplicing by RNA polymerase II, as cis or trans forms [151] .
Because they are initially mRNA precursors that end up being ncRNAs, circRNAs are believed to indirectly modulate gene expression via miRNA sponging activity, translational repressor or via posttrascriptional regulation activity [151] . CircRNAs entrap the microRNAs by binding to them and thus stopping miRNA silencing, which is why circRNAs are also called miRNA sponges [13, 152] . These transcripts are actively involved in the regulation of miRNA activity, which can be applied as therapeutic strategy to target the overexpressed miRNAs.
CircRNA-100290 is upregulated in oral cancer tissue and it induces cancer progression by sponging the miR-29 family members. CircRNA_100290 is correlated with OSCC cells proliferation in vitro and in vivo. The expression of this circular RNA is correlated with CDK6, a target of miR-29B [153] .
Free and Exosome Mediated ncRNA Transfer in Oral Cancer
In recent years, many circulating biomarkers have been assessed, including in oral cancer. These circulating ncRNAs can be used for an improved diagnostic and for monitoring the response to therapy [154] . The research direction is focused on implementing the use of liquid biopsy specimens in common practice for precision medicine, similar to those obtained from tissue biopsy [72] . The main problem related to this process is the lack of standardized methods for sampling, evaluation and particularly for the normalization methods [155] . These will lead to increased power and accuracy of data, and a rapid implementation in clinical practice [154] . The ncRNAs with an altered expression level in tumor tissues and confirmed in different biological fluids (plasma, oral cytology, and saliva) in free form or exosome-trapped fluids can have important roles in oral cancer management.
The comparison among the microRNA profile of tumors, benign tissue, plasma and serum exosomes from patients with TSCC revealed that there were common down-regulated microRNAs in tumors, plasma and serum exosomes (miR-370, miR-139-5p, miR-let-7e, and miR-30c); microRNAs found in tumors and exosomes (miR-22 and miR-145-3p); or a microRNA found only in tumors (miR-516-3p) [156] .
Exosomes are nanometer-sized microvesicles involved in cellular communication due to their capacity to transport bioactive molecules (proteins, lipids, and nucleic acids, particularly ncRNAs). Exosomes have the capacity to transfer cargo related to physiological or pathological status [157, 158] . These vesicles represent a valuable source in biomarker discovery, due to their cargo, which was connected with cancer progression and distant metastases [159] . Exosomes cargo in oral cancer was related to viral contamination, and thought to affect the microenvironment.
Exosomes can be assessed by non-invasive tests which evaluate biological fluids, including saliva [159] . It was demonstrated that most of the salivary miRNAs are retrieved from exosomes [160] , which is of great interest. The ncRNAs with exosomal origin are protected from enzyme degradation, therefore are much more stable than salivary free ncRNAs [159, 161] . Because of this, saliva exosomes represent a valuable source of ncRNAs biomarkers.
Oral epithelial cells display several miR-200 family members which can be transported as exosomal cargo to proximal EBV-positive B cells, where they trigger reactivation of inflammatory processes leading to the activation of the cancer phenotype [162] . It was demonstrated that exosomes from hypoxic oral cancer cells deliver miR-21 to normoxic cells, as a premetastatic event [163] . As an example, exosome-trapped miR-1246 was related with increased cell motility and invasion [164] .
These facts remain to be further validated by showing how saliva exosomal cargo affects oral cancer progression and how this source of biomarkers can be exploited with the purpose of pursuing personalized care.
Conclusions and Perspectives
The altered expression of ncRNAs was related to the regulation of key cellular processes. A better comprehension of these molecular mechanisms regulated by ncRNAs and how they control the oral cancer phenotype and its relation with environmental factors can become the basis for developing more effective therapies, and controlling the expression of ncRNAs can be the fundament for oral cancer precision medicine. All this information related to altered ncRNA expression patterns emphasizes the molecular heterogeneity of oral cancer, with noteworthy repercussions on the selection of candidates for the progress of novel targeted therapies or prognostic screening protocols, allowing a personalized treatment.
MicroRNAs are the most well studied ncRNAs in all types of malignancies, and oral cancer is no exception. The various miRNAs, each with its own palette of targeted genes, acts on various signaling pathways that sustain oral cancer hallmarks, such as apoptosis evasion, sustained proliferation, autonomous growth, angiogenesis, invasion and metastasis, which is why microRNAs are commonly regarded as the best candidates for developing new cancer therapies. piRNAs are a less studied class of small non-coding RNAs in all types of pathologies, and their mechanism of action still poses many questions; nevertheless, they have the potential of becoming future cancer biomarkers, considering that they have an altered expression pattern with prognostic value that can be useful for OSCC patient subtype stratification.
LncRNAs are a diverse type of ncRNAs that not only act at the mRNA level, but also interfere with DNA folding and transcription process. Their involvement in oral cancer is very complex, and is encountered on numerous levels, such as proliferation, apoptosis, angiogenesis, reaction to hypoxia, stem cell phenotype maintenance and initiating invasion through the EMT process.
Finally, circular RNAs are stepping forward into the light of ncRNAs involvement in oral cancer, motivated mainly by the fact that they act as miRNA sponges. A certain type of circRNA can entrap a multitude of oncomiRs and allow the transcription of hundreds of tumor suppressor genes, which is why their future as oncological therapy options seems very promising.
The world of ncRNAs remains a subject for a significant number of studies, where an important role will be represented by the free or exosome-trapped lncRNA, not only with prognostic value, but also for monitoring the response to therapy, such as the case of miR-21 secreted by hypoxic tumor core. Hopefully, in the near future, the acquired information will lay the ground for more efficient diagnostic, prognostic and treatment options for oral cancer that will ultimately result in a decline of its mortality rates and a better quality of life for the patients.
